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Abstract. We presentthepreliminaryresultsof thett̄ pair productioncross-sectionmeasurements
andthesingletop quarkexclusionlimits carriedout by theDØ andtheCDF collaborationsin Run
II of theTevatron.Thedatasetfor thevariousmeasurementsrangesfrom 140pb

� 1 to 350pb
� 1.
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1. INTRODUCTION

The top quarkwasdiscoveredjointly by the DØ andthe CDF collaborationsin 1995
[1]. At theTevatronpp̄ collider (centerof massenergy,

�
s = 1.96TeV), top quarksare

dominantlyproducedin pairsvia stronginteraction:qq̄ annihilation( � 85%) andgluon
fusion( � 15%). Existingtheoreticalpredictionsfor thett̄ pairproductioncross-section
at NLO in QCD rangesfrom 6.7 - 7.5 pb [2] (for mt = 175GeV), representinga 30 %
increasein cross-sectionoverTevatron’sRunIcenterof massenergy of 1.8TeV.

Within the StandardModel (SM), the top quarkdecaysalmostexclusively to a W-
bosonanda b-quark.Decayof the two top quarks,t � Wb, arecharacterizedby the
threedistinctfinal statesignaturesdependingon thedecaymodesof theW-boson:the
dileptonfinal states(ee� eµ � µµ) whereboth the Ws decayleptonically is the cleanest
channelbut accountsonly for � 5 % of thett̄ pairs;theall-hadronicchannelwhereboth
theWsdecayhadronicallyconstitutes� 44% of thesignalbut suffersfrom ahugeQCD
multijet background;andthe lepton+ jets (e � jets or µ � jets) channelwhereoneW
decaysleptonicallyandtheotheronedecayshadronicallyaccountsfor � 30% of thett̄
eventsandcanbeconsideredthebestcompromisebetweenstatisticsandpurity.

TheSM alsopredictstheproductionof singletop quarkvia electroweakinteraction
with a productioncross-sectionof � 0.88pb in the s-channeland � 1.98pb in the t-
channelat

�
s = 1.96TeV [3] . This productionmechanismhasnot yet beenobserved

andis thesubjectof currentactivesearchesat theTevatron.

2. TOP QUARK PAIR PRODUCTION

2.1. Di-lepton channel

A dileptonic final stateis characterizedby the presenceof two isolated,high pt
leptons,two high pt b-jets and large �ET from the two neutrinos.The background



contribution comesmainly from instrumentaleffects (estimatedfrom data),sources
of which includeQCD multijet, W+jets, andZ � l � l � eventswith mismeasured�ET
or misidentifiedleptons.The additionalcontribution comesfrom irreduciblephysics
background(estimatedfrom Monte Carlo simulations),mostly from Z � τ � τ � and
WW 	 WZ � l � l � processes.

CDF hasperformedtwo complementaryanalysesusing200pb� 1 of thedata.In one
of the analysis,two leptonsare explicitly identified as e or µ. In the other analysis,
CDF requiresthe 2nd leadingleptonto be an isolated,high pt track anddoesnot re-
quire its explicit identificationase or µ. This increasesthesignalacceptanceandalso
extendsthesensitivity to W � τν (with singleprongdecayof τ ), however, at thecost
of higherbackgroundcontamination.The DØ experimenthasdoneseparateanalyses
in the ee, eµ, and µµ final stateswith about140 pb� 1 of the data and then com-
binedthe final results.The measuredcross-sectionsfor the CDF andDØ analysesare
σtt̄ 
 7� 0� 2� 4

� 2� 1  stat � � 1� 7
� 1� 2  syst � lumi� pbandσtt̄ 
 14� 3� 5� 1

� 4� 3  stat � � 2� 6
� 1� 9  syst ��� 0� 9  lumi� pb

respectively. It canbeobserved that thedominantuncertaintiesin this channelaresta-
tistical in nature.CDF alsopursuesanalternative approachwhereonly two leptonsare
selectedandalikelihoodfit hasbeenperformedin the �ET - Njets planeto simultaneously
determinethe contributionsfrom tt̄, WW, andZ � τ τ̄ . The measuredtt̄ cross-section
for anintegratedluminosityof 200pb� 1 is σtt̄ 
 8� 6� 2� 5

� 2� 4  stat ��� 1� 1  syst � pb

2.2. Lepton + Jets channel

The signatureof the lepton+jetschannelconsistsof oneisolated,high pt lepton,at
least3 or 4 high pt jetsand �ET from theneutrino.Thedominantbackgroundcomesfrom
theW+jetsprocesseswith anadditionalcomponentfrom the QCD multijet events.To
discriminatesignalfrom thebackgrounds,which aresignificantlyhigherthandilepton
analyses,two approachesareused:topologicalselectionandb-taggingselection.

Topological analysis:Thegeneralapproachis to choosevarioustopologicalandkine-
matical variables,which can provide maximumseparationbetweensignal and back-
ground events.CDF combinesthesevariablesinto a 7-input Neural Network (NN)
discriminantrequiring at least3 jets and then performstemplatefit to the NN out-
put (figure 1) and measuresthe tt̄ cross-sectionwith 347 pb� 1 of the data to be
σtt̄ 
 6� 0 � 0� 8  stat ��� 1� 0  syst � pb for mt = 178 GeV. In a similar mannerDØ has
combinedthesevariablesinto anevent likelihooddiscriminantwith therequirementof
at least4 jets in the eventsanda templatefit to the discriminantis performedto ex-
tractthecross-section(figure1). MeasuredDØ cross-sectionfor 230pb� 1 of thedatais
σtt̄ 
 6� 7� 1� 4

� 1� 3  stat � � 1� 6
� 1� 1  syst ��� 0� 4  lumi� pb. In thischannelthesystematicunceratinties

arecomparableto thestatisticalones.
b-tagginganalysis:Thett̄ decayscontaintwo high pt b-jets.B-hadronsarelonglived

and travel a few mm distanceaway from the primary vertex beforedecay. Using the
silicon microvertex sub-detectorsin both theDØ andtheCDF experiments,secondary
vertex canbeexplicitly identified(referredtoasSVX in CDFandSVT in DØ).Applying
b-taggingis a very powerful tool in suppressingthebackgrounds.DØ haspursuedthe
b-tagginganalysisseparatelyfor exactly1 b-taggedjet eventsandat least2 b-taggedjet
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FIGURE 1. Resultof thefit to theNN-outputshapefor theCDF (left plot) andthefit to thelikelihood
discriminantfor theDØ (right plot) lepton+jetanalysis.

eventsfor lepton+�ET+ � 4jetsselectionandthe combinedmeasuredcross-sectionfor
230pb� 1 of thedatais σtt̄ 
 8� 6� 1� 6

� 1� 1  stat � � 1� 1
� 1� 0  syst ��� 0� 6  lumi� pb. CDFhasappliedthe

b-taggingrequirementin lepton+�ET+ � 3jetseventsandperformedtheanalysisfor � 1
b-tagsand � 2 b-tags.Themeasuredcross-sectionfor thetwo analysesfor 318pb� 1 of
thedataareσtt̄ 
 7� 9 � 0� 9  stat ��� 0� 9  syst � pbandσtt̄ 
 8� 7 � 1� 7  stat ��� 1� 5  syst � pb
respectively. CDF hasalsoperformedseparateanalysisusingthesemileptonicdecayof
the B-hadronsandhenceidentifying the b-jet by the presenceof "soft" muoninsidea
jet. CDF hasextractedthe tt̄ cross-sectionusingsoft muontaggingfor 194pb� 1 of the
datato beσtt̄ 
 5� 2� 2� 9

� 1� 9  stat � � 1� 3
� 1� 0  syst � pb.

2.3. All hadronic channel

Owingto anoverwhelmingQCDmultijet background,thecross-sectionmeasurement
in all hadronicdecaymodeis relatively difficult. Bothtopologicalcutsandb-taggingare
usedto suppressthe background.The CDF experimentselectseventswith at leastsix
jets and requiresat leastone jet to be b-tagged.It then employs several cuts on the
kinematicalvariablesto furtherreducethemultijet background.Themeasuredtt̄ cross-
sectionfor an integratedluminosity of 165 pb� 1 is σtt̄ 
 7� 8 � 2� 5  stat � � 4� 7

� 2� 3  syst � pb.
In the DØ analysis,eventswith at least6 jets areselectedrequiringat leastoneSVT
b-tagandit combinestopologicalvariablesin 3 successive NNs at variousstages.The
distribution of 3rd NN discriminantis fit to extract the tt̄ cross-section.TheDØ cross-
sectionmeasurementyieldsσtt̄ 
 7� 7� 3� 4

� 3� 3  stat � � 4� 7
� 3� 7  syst � � 0� 5  lumi� pb.

3. SINGLE TOP QUARK SEARCHES

Both the CDF and the DØ experimentshave performedsingle top quark searchesin
the s- and t-channels.No evidencefor the singletop quarksignalhasyet beenfound
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FIGURE 2. Summaryof thett̄ pair productioncross-sectionmeasurementsfrom theCDF andtheDØ
collaborations.For comaparison,the NLO predictionsfor mt 5 175GeV including uncertaintieson top
quarkmassis alsoshown.

in theseanalyses.Singletop quarkeventsareselectedby requiringoneisolated,high
pt lepton,large �ET andtwo high pt jets.CDF hasperformedchannelspecificsearches
by requiringexactly 1 b-taggedjet eventsfor the t-channelandat least2 b-taggedjet
eventsfor thes-channel.CDF hasalsopursuedthecombinedchannelsearchesusinga
discriminatingvariablewhichcanseparatesingletop signalfrom thett̄ andthenon-top
backgroundevents.Cross-sectionlimits at the95%confidencelevel for thes-channel,
t-channeland the combinedchannelsearchesare placedat σs < 13.6 pb, σt < 10.1
pb andσs� t < 17.8pb respectively for 162 pb� 1 of the data.DØ hasperformedthree
separateanalysesusingNNs, decisiontreesandcut-basedtechniques.95%confidence
level Bayesianupperlimits on theproductioncross-sectionusingthebinnedlikelihood
fits to theNN outputdistributionsareσs< 6.4pb in thes-channel,andσt< 5.0pb in the
t-channelusing230pb� 1 of thedata.

4. SUMMARY

Themeasurementof thetop quarkpair productioncross-sectionhasbeenperformedby
boththeDØ andtheCDF collaborationsin variouschannelsusingdiffernt approaches
for anintegratedluminosityrangingfrom140pb� 1 to 350pb� 1 (figure2).Themeasured
cross-sectionsareconsistentwith the SM predictions.Upper limits on the production
cross-sectionof thesingletopquarkhavealsobeenplacedby boththecollaborations.
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